. The value of noise variance obtained during estimation determines the extent to which the adaptive filter is tuned to achieve good noise suppression. Adaptive filters use the estimated noise variance as an input to determine the extent to vary filter centre-pixel weight or the window size to ensure better noise suppression [2, 3] . The priori knowledge of the type of noise present in a noisy image helps in the accuracy of the estimation [5] . The accuracy of the noise variance estimation technique used to estimate the variance of noise present in a noisy image determines the accuracy with which adaptive filters are tuned for effective noise suppression [6] . For effective performance, modern filters are tuned based on the level of the noise present in the noisy image. The estimation of the variance of multiplicative noise present in a noisy image is a very difficult task due to speckle decorrelation [4, 5] . When a noiseless image (Υ (m, n)) is corrupted by speckle noise (Ɲ (m, n)), the noisy image (X (m, n)) is given by (1) [9] .
(1) The noise present in (1) is converted to additive noise as shown in (2) using logarithm transform [7, 8] .
The logarithmic transformation is used to transform speckle noise from multiplicative noise to additive noise. For non-speckle noises, other transform techniques such as Ascombe transform (for transforming Poisson noise to additive noise) and Ascombe-like transform (for transforming a combined additive and Poisson-like noise) exist [11] . The logarithmic transformation is applied to speckle noise so that linear filtering is used to suppress noise in the noisy image. When a noisy image is filtered using linear filter, the expression for the logarithm of approximate speckle noise approximate image edge and residual image surface is computed using (3) where h(m,n) is the linear filter kernel. 
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The parameter, W(m,n) in (3) is made up of the approximate speckle noise and approximate image edges and residual image surface. The variance of speckle noise present in the noisy image is estimated from (3) using speckle noise variance estimation techniques. For more accurate noise variance estimation, nonlinear filter like median filter is used for filtering because it preserves the edge of the filtered image [12] . When an edge preserving filter is used for filtering, the parameter, W (m, n) includes the approximate speckle noise, residual image edge and residual image surface. In this work, a Mean of Median Absolute Derivation Technique for estimating the variable of speckle noise present in an image is developed. The technique uses the statistical mean of noise present in an image to estimate the variance of noise present in CT images and other images with uniform intensity. Many researchers have worked on the multiplicative noise variance estimation techniques. In [2] , data masking using histogram technique was used. It was shown that the noise variance is the square of the standard deviation from the histogram. In [13] , a Median of Median Absolute Derivation technique was developed. Transfer function based technique was developed in [14] . Local mean and local standard deviation of noisy image was used in noise variance estimation in [15] . In [16] , a Robust Median Estimator technique was used. Principal component analysis technique was used to estimate the noise variance in [17] . In [18] , statistical mode of noise present in an image was used to estimate the noise variance and median filter was used as a pre-estimation filter since it preserves image edge. In [19] , the mode of local variance of the noise present in an image was used to estimate the noise. However, in this paper, Technique. The proposed technique utilizes the value of noise mean to estimate the speckle noise variance. Noise mean property is selected in this paper because it has established quadratic relationship with noise variance. However, the estimation of speckle noise variance is complicated since some pixels give output that are non-real numbers during initial processing stages of the noise variance estimation. This is because the pixels with zero values gives -∞ after logarithm transformation and gives Not-a-Number (NaN) output when the operation in (3) is carried out. NaN is a numeric data type representing an undefined value. For that reason, images corrupted by speckle noise is corrected by adding the correction factor (β) to the corrupted image (X (m, n)) before transformation and (1) is modified as shown in (4) .
The parameter, β is a real number such that β ≤ 10 -7 . The value of β is made very negligible to avoid excessive change in pixel values. For filtering in this paper, Median filter is used because it preserves the edge of the image [12] . The expression in (5) was obtained when the transformed image in (4) was filtered using median filter and subtracted from (4) which is a modification of work done by [13] . The parameter, logeW(m,n) is the logarithm of combined approximate speckle noise present in the noisy image, residual image edge and residual image surface due to error during filtering.
The parameter W _`a is the median filter function. Convolution operation was omitted because the filtering in (5) is nonlinear filtering not linear filtering. The mean of the right hand side of (5) is obtained as given in (6) where M and N are the row and column length of the image respectively.
The Algorithm for Noise variance (p l q ) estimation technique is given in (7). The expression in (7) is obtained by modeling the relationship between the actual variance (r l q ) of speckle noise present in CT images and estimated noise mean computed in (6) using Quadratic Least Squares Regression Method. The Quadratic Least Squares Regression was used in this modeling because the relationship between variance and mean is quadratic relationship. 
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The algorithm in (7) is obtained by plotting a scatter plot of the actual variance against the estimated mean for many CT images for noise variance ranging from 0% to 40% and drawing a quadratic curve of best fit. The expressing for the line of best fit is the algorithm in (7 an image is the ratio of the maximum power of the image to the maximum power of the noise distorting the image [20] . For a normalized image, the PSNR can be rewritten as shown in (8) . A normalized image is an image in which each pixel value has been divided by 255. 
The PSNR is measured in decibel. The PSNR Gain is the PSNR of filtered image minus the PSNR of noisy image. On the other hand, MSE is the average of the squared intensity differences between the filtered image pixels and noiseless image.
The mean square error according to [21] is calculated using (9) where Y (m, n) is the normalized noiseless image and Ῡ (m, n) is the filtered normalized image. (10) [14] .
The parameter, r l is the standard deviation of the actual speckle noise present in the noisy image while p l is the estimated standard deviation of speckle noise present in the same image. 
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estimation performance for all the noise variance range considered. The large gap between the performance of the proposed technique and the performances of other techniques is because the proposed technique is developed specially for CT images. CT images were used during the development of the technique to accommodate the inherent properties of images captured using CT machines such as high resolution and quantum noise properties [22] . The performance of any estimation technique depends on the properties of the image considered. This can be seen in Table 2 
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Gaussian Filter). . . . The decision to use Median Filter in this work is justified by considering Table 4 obtained from ten samples of 85X73 CT lung images. Table 4 shows how the PSNR Gain for the filters varies with the variance of speckle noise present in noisy images. From Table. 4, it is observed that Median filter gives the highest average PSNR Gain (3.6591dB) compared to Averaging filter (2.8479dB) and Binomial filter (3.0140dB). From Table 4 , it is observed that for all noise levels greater than 15%, Median filter gives the largest values of average PSNR Gain. However, for all noise levels less that 12%, the Median filter has the least PSNR Gain among the three filters. The increase in average PSNR Gain with increase in the noise variance for Median filter is because median filter is nonlinear filter and is therefore the most stable filter among the three filters. This shows that median filter gives the best result and therefore is the best filter for the preprocessing.
6. CT LUNG IMAGES USED IN THE PAPER 6. CT LUNG IMAGES USED IN THE PAPER 6. CT LUNG IMAGES USED IN THE PAPER 6. CT LUNG IMAGES USED IN THE PAPER The CT images used in the paper are shown in Figure  1 . The images are of sizes 85X73. Figure 2 shows the images when each is corrupted by speckle noise of 30% total variance. 
